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PREFACE 

I n  mid-FebIuary 1963 a study of an automatic LEM mission was 

undertaken i n  accordance w i t h  t h e  requirements of Item C-3 of LEM 

Ewineerin;: Memo I.250-M03-2 by C. W. Rathlte e n t i t l e d  "Technical 

Pr io r i ty  Efforts, Prime Responsibility For". From t h e  onset, it 

w a s  assumed t h a t  a LEN vehicle desicned f o r  automatic performance 

of the lunar  landing'mission would serve as an "unmanned"* trial 

vehicle p r i o r  t o  the  rnarlned landin, attcinpt. 

Under t h i s  assumption, work had progressed until early April  1963. 

A t  t h i s  time work was redirected so t h a t  the automatic mission 

became o possible a l t e rna te  m o d e  of t he  basic manned landing mission. 

The important f ac to r  in t h e  redirect ion was t h a t  t he  crew would man 

the  LEM and be capable of performing manual monitorin;, switching, 

override and equipment a1itj;nment functions as required. 

- - --A_ 

For example, the  crew could perform: 

Manual IMU a l i m e n t  

Manual acquis i t ion of C a d  

Manual i n se r t ion  of initial conditions i n t o  the computer 

Manual monitorlnj  of guidance and control  equipment; 

Lhder the ~r;  ,;rol;fid ;"&e&, W&oi-;itioii vu&& be i n c o i p r a t e d  

if t h e  w e i d t  and schedule penrzltieo were not severe, compared t o  

the advantazea obtained. 

i m e d i a t e  object ive of a report submission, only t h e  descent f l i g h t  

t o  touchdown would be considered i n  the redirected study. It was 

I n  addition, f o r  purposes of meeting an 

* No LEM crew inputs  

Contruct No. NI\S 2 - l l W  
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also agreed that t h e  work completed before redirection would 

be 5~mmarIZed and presented i n  a separate report; (work completed 

on the redirected study would be submitted at a later time). 

report I s  a summary of the work completed before redirection. 

This 

ConLract No. NAS 9-ll00 REPORT 549- 2 
Primary No. 013 DATE 29 A p r l i  ly-.? 
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CAQE 3 

I. ImoDucTIoM 

"his report  is intended t o  satisfy i n  part t h e  requirements 

fo r  a preliminary report on the Automatic LEM study. The basis 

f o r  t h i s  study was detcnnined in an asreement between Grumman 

(C. W. Rathke) and MSA (C. W. MaLhews). 

Cnunman Memo LEM-I@1-62-47H dated 18 December 1962, page 4, item 3 

under "Mission Plan and Test Programs". 

the  performance and hardware implications of an e n t i r e l y  automatic 

LEM mission. 

It i s  confirmed i n  

Its purpose i s  t o  study 

In  order t o  determine the d i rec t ion  of t h i s  study, several  

ground rules were postulated and work has progressed based on these. 

A t  t h e  wri t ing of thin report, much of the LEM system was i n  

the  s t a t e  of ear ly  development so t h a t  the information required was, 

i n  maqy cases, chan&.nz o r  not yet available.  As a resu l t ,  any 

conclusions presented a r e  of necessity, based on the  information 

ava i lab le  at t h i s  time. 

This report  describes the basic  ground rules of the  study and 

presents  t h e  nominal LEM mission p r o f i l e  with emphasis on 

navidation, guidance and P l i g h t  control  and on crew par t ic ipa t ion  

i n  these operations. 

The system functions required tQreplace these crew a c t i v i t i e s  

i n  an automatic mission are outlined and the  results of detailed 

hardware s tudies  on performing some of these functions are discussed. 

Contract No. U S  9-1100 
PrirnLtry No. 013 DATE '29 April 1 9 ~ 3  
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2. GROUNDRULES 

The automatlc'LEM mission will begin with the Apollo in lunar 

orbit. 

be the payload in the "automatic LlM''. 

The two man crew and associated scientific equipaent w i l l  

By definition, the "autoaatic 

LEM" crew will perform no contributory function to operation of the 

LIB4 vehicle. There is however, one exception. It has been defined 

that LEM IMU alirylment.before separation will not be required as 

part of the automatic mission. 

It was assumed that the crew member on the CSM could be utilized 

to perform remote control and decision functions. 

that human judgement is required to assess the lunar terrain and 

It is felt strongly 

select. the final 1tLndIEg nit.e- 

The automatic function sha l l  be achieved by utilizing the 

existing LEM configuration and PliJht plan where reasonable and 

practlcai. 

existing LEM equipment. 

The changes made will be modifications or additions to 

The main concern of the study has been and will continue to be 

the  guidance and navigation aspect of the'problem, although other 

aspects may be considered, If they are of sufficient importance. 

At the present time, no consideration has been given to 

automatic abort. 

Contract No. NAS 3 - l l O O  ntroni LED- 940- 2 
Frimary No. 013 29 April 19b3 - - -  
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3. NOMINAL LEM MISSION DESCRIPTION 

The following description is a brief famil iar izat ion with the 

latest plan f o r  the LEM mission. From t h i s  it w i l l  be seen t h a t  

many of t h e  miesion phases are nominally a n t m a t i c  o r  semi-automatic 

i n  nature. However, it should be noted that  there are several  

c r i t i c a l  areas  where manned crew inputs are required.' 

&e-Separation I .. 

With t h e  Apollo i n  lunar o r b i t  (100-6) n. m i . ) ,  t he  LEM 

I'? & G computer is  prepared for operation. 

measuring uni t )  is f i n e  aligned by t h e  crew using the  SCT (scanning 

telescope) . 
crew. 

u t i l i z i n g  t h e  sextant provided. 

The LJM XMU ( i n e r t i a l  

Next, the radar altimeter system- is  act ivated by the 

The desired l a n d i w  s i t e  has been selected from the CSM 

Sepamt ion 

nn-- w-, ___-__ , - , ** -* -  n m  
A l l =  a- c r e w  A I L A ~ A C J , ~ , ~ ~ ~  ~t .yi i i=~tiuri .  ~ ~ e r r :  io ii 'I. iranaiuiion 

This is nanudlljj controlled by away from t h e  CSM along i ts  X axis. 

the  crew u t i l i z i n g  the RCS (Reaction Control System). 

t rans la t ion  the 

@wigation and Guidance)stabilizin& eidnals t o  the RC8. 

During t h i s  

a t t i t u d e  is held constant automatically using N & 0 

Reorientation f o r  De-Orbit Boost 

Except f o r  i n i t i a t i o n ,  t h i s  complete maneuver i s  automatic, 

controlled by N & G system command signals t o  the RCS jets. It 

consis ts  of accurately controlled pi tch rotation, and yaw axis 

hold. The roll axis a t t i t u d e  i s  coarsely held. 

' 
G R ~b M M A N  A I) R c R A F T  E N F P K ~ ~ T ~ W N - G - - ~ C O  R P O  R A T I o N FJC-73 ' 
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InJect ion In to  Synchronous Transfer O r b i t  

This complete maneuver is automatic and control led by N & G 

aystem command si;nrrls t o  the RCS and main engine. 

a t t i t u d e  cont ro l  is precisc.  Roll cont ro l  i s  coarse. blain engine 

thrus t  tu rn  on and cut-off i s  commanded from the  N & C system. 

Pitch and yaw 

Descent C o a s t  

The a t t i t u d e  ro ta t lon  maneuvers f o r  observation and preparation 

f o r  powered descent a r e  automatic and control led by N & i; system 

comand s igna ls  t o  the  RCS. 

manual o r  commanded through the computer t o  acquire the CSM. 

radar a l t imeter  is  manually activated and checked p r io r  to  powered 

descent. The crew surveys the landing s i te  from the LEM. 

The radar antenna control  i s  e i ther  

The 

"he 

coast period ends at,50,000 f ee t  pericynthion. (There is a p o s s i b i l i t y  

t h a t  an ex t ra  o rb i t  would extend the  coast  phase. 

DlU would require addi t ional  f i n e  alimment 1. 
I n  t h i s  case, the 

Powered Descent 

The LEM a t t i t u d e  and roLation prodram ie automatic. The RCS 

servo-loop dain control  (which is  required due to lar,e cban,ee of 

vehicle  moments of i n e r t i a )  i s  autornuLic w i t h  manual override. Durind 

t h i s  phase, a pre-computed prccislon p i tch  program w i l l  most l i k e l y  

be imposed and accurate vaw and rnll cont,wl requirec?. The iiavidition 

and @dance system command siznals control  t h e  HCS f o r  a t t i t u d e  and 

the main engine for veloci ty  chandes. The a l t imeter  is  put inco 

operation by the  LEM crew and is used for obtaining data on a l t i t u d e  

and veloc i ty  for  updating t h e  N & 2 system. 

landin3 s i t e  w i t h  t h e  SCT. 

"he crew surveys the 

This powered descent phase i s  ended w i t h  

ENG-71 
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an  automatic f l a r e  startin:: a t  5,000 t o  10,000 f t .  and terminated 

at  1,000 feet  and LJ3lvc loc i ty  is reduced to  zero or  near zero. 

Hover, Terminal Descent and Touchdown 

During f l a r e  out t o  hover, the LEMvehicle is manually or 

automatically pitched to  the ve r t i ca l .  

manual roll r o t a t i o n . f o r  landing si te inspection. 

a ids  ( f l a r e s ,  landind lights, etc.) are deployed. 

of the  t e r r a i n  are checked and an n-ctual landing s i t e  chosen. 

I n  hover there may be  a 

Visual laading 

The cha rac t e r i s t i c s  

The descent i e  performed e i t h e r  autonatically,  with capabi l i ty  

f o r  manual override and modification of t h e  automatic descent or 

completely manually. Therefore, th rus t  and RCS control is derived 

e i t h e r  by cammand from the N & G subsystem or from the  crew. 

l a t i o n  is  accomplished by rotatixq: the  vehicle u n t i l  t he  required 

Trans- 

horizontal  t h rus t  component is a t ta ined  from the  descent engine. 

The RCS is employed for vernier t r a n s l a t i o m 1  control. 

servo loop gain control  is automatic with manual override. 

The RCS 

Post Landin& Phase 

Using e i t h e r  data derived from the  radar or the  SCT, t h e  

crew establ ishes  t h e  LOS t o  CSM. The radar tracks the  CSlil t o  

ee tab l i sh  its o r b i t d  plane. h ~ o  known stars may be sighted by 

the  c rev  t o  es tab l i sh  o r b i t a l  plane reference. The crew alims 

the IMU with the local v e r t i c a l  and p a r a l l e l  t o  the  CSM's orbi ta l  

plane 

Cont ruct NO. &AS 9- 1100 REPORT XED- 540- 2 
Pririiary No. 013 
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The crew programs the  N & G computer for ascent tmJectory 

The computer is activated and guidance mode selected. control. 

Overall check-out of LE34 systems is performed. After t h i s  is 

accomplished, the vehicle i s  put i n  a power standby condition and 

the crew continues the mission. 

the above s ight ing and alignment procedure when it is necessary 

t o  prepare f o r  the ascent boost phase. 

Power is turned on again t o  repeat 

Ascent Boost 

This phase is completely automatic except for crew checks. 

The N & G system commands the  automatic firing of the ascent stage. 

The N & C system commands a precise programmed pi tch  rotat ion t o  

es tab l i sh  t h e  ascent trajectory.  

a l s o  held. 

pi tch over t o  a horizontal fliat path anae at 50,000 ft. a l t i tude .  

Precise yaw and r o l l  cont ro l  is 

The trajec!tory consis ts  of a v e r t i c a l  r i s e  tznd a 

T'e crew previously had determined whether to establish a parking 

o rb i t  or t o  continue through t o  a Hohmann t r ans fe r  based upon t h e  

LEM - CSM phase a n d e  at launch. Assuming the parking orbit is not 

chosen, the Hohmann t r ans fe r  (ascent coast)  is started. 

Ascent Coast. 

The coast phase I s  a semi-automatic m o d e .  The LEM vehicle will 

cnntinuc 9n its coast t ra jec tory  w i t h  midcourse corrections being 

commanded by the  I & G system t o  the RCS. h r i a  t h i s  phase, only 

a coarse a t t i t u d e  hold about a l l  3- axes is required. Reorientations 

f o r  observation of CSM may be performed automatically or by m a n u  

commands from the crew. I n  preparation f o r  rendezvous, and midcourse 

corrections, the  LOS t o  t h e  CM is  obtained by either manually 

slewing the SCT arid rendezvous radar o r  by computer comnands. 

- -  
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Rendezvous 

This phase can be completely automatic once the LOS to the 

CBI is obtained and the radar is locked on. 

then compute terminal corrections for adaption to the CSM orbit 

The N & C system v iU 

through tranolational and rotational corcmands to the RCS. 

thio phsse there ie precise control about a l l  three axes. 

merely monitors LO3 nulling and R and 

During 

The crev 
n 

BB the LEN close. on the 

CSM, Wen range is lees than 500 feet and range rate is between 

Dockina; 

Thio phase i a  performed manually. The LM crew wil l  commaad 

angular rotations or trenslations utilizing the RCS in the attitude 

hold mode. 

hatch, turnia on dockng lights, etc. The closiag and lateral 

2bc crew prepares for docking by selecting the docking 

translation rate. are m a n ~ a l l y  reduced to approximately 1 ft./sec. 

Attitude rates are mcunmlly reduced to approximately lO/sec. 

maneuver is continued until final attachment to the C S l  le attained. 

The 

O R U M M A N  A I R C R A f l  L N G I N L E R I N O  C O R P O R A l l O N  



In order to fully automatize the mission, the following 

automatic functions must be accomplished during each phase. 

Pre-Separation 

1. 

2. 

Automatize star sights and fine alignment of IMI. 

Automatize N &  G computer preparation and activation 

of radar altimeter. 

Separation 

1. E i t h e r  have CSM crew perform the translation for 

separation or automatize the translation f N m  the LEM. 

Reorientation for &-Orbit Boost - 
1. Except. for initiation, this phase in normally automatic. 

Injection Into Synchronous Transfer Orbit 

1. Nothing need be 'done as this phase is normally automatic. 

Descent Coast 

1. Gimbaled mdar must be automatized to search for and lock 

onto the CSM. 

3. Automatize preliminary activation of radar altixueter. 

4. CSM could remotely survey landing site (optional). 

Contract No. WLS 9-1100 REfORT L U -  540- 2 
PrirnLry No. 013 DATE 29 April 1963 
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Powered Descent 

1. CSM could remotely survey landiw site (optional). 

2. Automatize final nctivation of radar altimeter. 

Hover, Teminal Descent a d  Touchdown 

1. Automatize dropping of visual landing aids. 

2. 

3. 

Automatize vehicle pitch to the vertical at hover point. 

Automatize the descent trajectory and attitude control to 

touchdown. 

4. 

5.  

Remotely monitor surveillance of landing site from CSM. 

Automatize translational maneuver required to change landing 

site location. 

Post landing Phase . 
1, Automatize radar search and lock on to CSM. 

2. Automatize star sights and IMU alignment. 

3. Automatize proil;ramming of EI 80 C computer for ascent trajectory. 

4. Automatize systeffi checkout and preparation for launch. 

Ascent Boost 

1. Nothing need be done, as this phase is norrpally automatic. 

Ascent Coast 

la 

2. 

A~temntize ,radar acquisition of CSI. 

Automatize attitude corr;mands f o r  siatinr: or visua checks. 

Rendezvous 

1. Nothing need be done, as this phase is normally automatic. 

Dockiq 

1. Either have CSM perform docking or automatize the LEM's 



docking procedure to CSM. 

Sunmary 

In summarj, the following functions must be performed auto- 

matically or remotely frm the C3M: 

1. 

2. 

3. 

Star sighting end IMU ali,.nment. 

Remote survey of landing site from CSH. 

Descent trajectory and attitude control from hover point 

t o  touchdawn. 

4. Raaar acquisition of CSM. 

5. Switching, progrmminei;, system activation and power shut 

dono 

6.  Docking and separation. 

- 
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50 DISCUSSION C@ A U " I ! I Z I 3  FUNCTIONS . 

Detailed consideration will now be zlven to each of the 

functlono which are to be "automatized". 

Docking and Separation 

Separation I s  automatic except for the qanual translation. 

There appears to be no real 6dvantaGe to automatizing the s e p  

ration translation m&euver along the X exis. It is a very simple 

operation and is just 8s easily performed by the CSM. 

CSM performs the translation, the LEM may remain passive in trans- 

lation and as previously in an attitude hold control mode about all 

three axes. 

when the 

In contrast the docking maneuver le almost entirely manual, 

probably requlrind I k M  attitude hold about all three axes, and is 

e fairly complex maneuver* This type of operation I s  delicate and. 

it requires a great amount of flexibility to make the necessary 

adjustments for a successful dockiw. 

In order to perfom the final contact and coupling operation 

automatically, it is required that there exist a highly accurate 

knowledge in relative a w a r  and translational rates between &EM 

and CS4. 

and translational positione. As a result, feasibility of automatic 

docking may be severely limited by sensor accuracies. 

It also requires an accurate knowledge of relative w a r  

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A l l O N  
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On the other hand, the liKinllEiL conLrol method offers 

a flexibility since the docking partner may be kept in viev. 

in separation, the CSM ma.! dock Lo the LFM with tne LEM In a 

passive translation and aLtltude hold mode. 

As 

It snould also be noted that duriw the Apollo mission, Just 

after earLh orbit and lunar iqjection, there is a transposition 

and rotation where the 'CSM separates and performs a 1800 rotation 

with respect to the LEM and then a,,ain docks to the LEM, which 

certainly demonsmates the ability of the CSM to perform separation 

and dockin; functions. 

Therefore, from the sLandpoint of minimizin, modification to 

LEN, simplicity, reliability, and flexibility it appears that the 

CSM should perform dockin; and separation rather than automatize the 

LEN to perform these functions. 

. 

Switchin,;, Pro,:ramming, SueT;em Activacion and Power Shutdown 

Durin; the cowse of Lhe nominal LEN mission, a certain amount 

of mannual switchin,: is required. "he I & C computer must be prepared 

for operaLion and pro;rammed durin, Pre-separation and Poet Landing 

phases. 

the Pre-separation, Dement Coast and Powered Descent Phases. -The 

Aimoaled raclar must be activated and checked durin, the Descent Coast 

and Post Landin,; phases. 

must be pressurized and checked by pushbulton operation and meter 

The radar altimeter must be activated and checked durin2 

The descent and ascent en,;ines and RCS 

monitorin& durins Re-separtion. 

fired uaeed on thz timin,: displav for InJection and a;ah for 

The descent en,,ine is N e n u a l l y  
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Powered Descent. h r iw  the Post-landing phase, the descent sLaje 

is  penanent lv  ohut down by mnmucl switchinj. Also, the ascent 
I 

and RCS systems are pressurized and checked as previously at certa,.? 

time in te rva l3  unt i l  Ascent. 

the RCS X-axis  th rus te rs  before main erqine firin;. Tank switchover 

is an abort modewhich i e  normally performed m a n u a l l y .  In  addition, 

there are other  mieceUaneoue switchinj  functions required. 6ome of 

these functions may be perforniecl remotely from the CSM if the control, 

Ulla,e i s  normall,y provided by ac t iva t ing  

switches and required d i ep la j  indicator8 are provided. 

functions may be pro&fmme:d. 

The reiiialnin,i 

For ullaze, the  X axis RCS thNSterS may 

be f i red p r i o r  to a l l  main endne  f i r i n d s  i n  order to eliminate remote 

commanding from the CSM. 

small). 

(Tne addi t ional  f u e l  used would .be very 

The CSM-LEM communications l i nk  could probably be u t i l i zed  . 
f o r  t h e  remote operation since b i t  rate requirements f o r  t h i s  type 

of %-Off command is generally small. This area does not seem to 

present a problem i n  the LRd f r o m  a weijht  and implementation stand- 

point, d t h o u b  addi t ional  8witchind and di8play equipuent must be 

added t o  t h e  CSM. Further atudies a re  required to  pinpoint switchiw 

operations and ewitchirq: frequency i n  order t o  exactly specify the 

equipment changes required. 

R a d a r  Acquisition of CSM 

Radar acquici t ion of the CSM from t h e  LEM is required durin; t h e  

Ddscent C a s t ,  Post Landin;;, Ascent Coast and Hendezvous phases. 

The LEN d iAi ta l  computer can cornpute the CSM posi t ion durin,; 

ENC-78 b 
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descent os 8 function of time based on its poeition before s e p  

ration. Durin;: lunar surface stay time the computer power is shut 

down, but a clock could keep track of time, so that when the 

computer Is reactivated the CSM position may be updated. Upon 

command from the CSM crennan, the LFN digital computer may command 

an Initial angular poeition for the LEM gimbaled radar antenna, 

which ehould be near enough to the actual CSM position to enable 

acquisition (see discuseion on star si&tin,: and IhlU aliment) 

The radar et this  time will be in an automatic track mode and can 

first search for and then lock on to the CSM. 

Although the primary navigation and guidance eyetem including 

computer and the radar have not been completely defined, it is under- 

stood that the computer and radar will contain the required capability 

to perfom the above mentioned functions. 
. 



6. REMOTE SURVEY Q? LANDING SITE 

Introduction 

In  Section 4 it has been stated tha t  remote surveil lance of t h e  

landinz s i te  during hover and terminal descent i s  desirable.  Remote 

monitorin,: may be instrumented by placing a te lev is ion  camera i n  

the LEM and a te lev is ion  display i n  the CSM such tha t  t he  landing 

point i s  i n  view during t h e  c r i t i c a l  portion of t h e  descent. 

would present the required data t o  t h e  CSM crewman t o  enable h i m  t o  

make a decision regardin5 a change i n  t h e  ta rge t  lmdiw s i te  

coordinates. During t h i s  phase of the mission, it is planned to  

have an automatic pre-propammed descent t raJectory capable of being 

modified by manual inputs. 

autongitic t ra jec tory  is computed t o  guide the  I S M  t o  the newly 

selected landin, point. Thie would remove t h e  burden of remote, 

manual pilotirq:  t o  touchdown based on a display tha t  may perhaps 

not be as s u i t a b l e  a6 an actual  view of the s i t e .  

This 

If t h e  l a n d i w  si te is chant:ed, a new 

.. 

Some of t h e  areas which will be considered i n  t h e  followin,- 

discussion on remote display of the landin;, s i t e  are:  L i&t  available 

f o r  "V camera, l ens  and mzle required based on l igh t  and resolution 

required, use of a r t i f i c a l  l ight t o  supplement na tura l  illumination, 

~lacm,e?l t  04 W cmmm, TV camera bandwidth and display f l i c k e r  rate. 

. L i J h t  Available and TV Camera 

In  the lunar day, t he  l ight '  available by re f lec t ion  from the  

moon's nurface w i l l  be more than suf f ic ien t  f o r  e f fec t ive  remote 

surveillance. However, i n  earthshine t h e  i l lumination l evc l  becomes 

marginal wi th  respect t o  Tv canem sens i t iv i ty .  To implement the 



reinote surveil lance feature,  thcre i s  a choice of two TV camera types. 

One i o  the Vidicon, weighing approximately 5 pounds, the other i6 an 

Image Orthicon, weighing approximately 40 pounda. From the etandpoint 

of weight, r e l i ab i l i t y ,  complexity and wattage required, the Vidicon 

is  t o  be preferred. 

rnar&m,l light,  the Orthicon is superior, since it requires 1/10 the 

i l lumination of the Vidicon camera. 

From the  standpoint of a b i l i t y  t o  operate on 

There is approxirmtely 0.1 ft-candles of li&t ref lected frau 

the Inoon's surface ciurin; earthsine. 

for  operation of the  Vidicon canera. 

This Is at the marGinal point 

Lens Required 

The l ens  required w i l l  be specified by two important factors,  

(It i s  assumed the f number and the 'field of view or l e n s  an,;le. 

t h a t  the resolution is limited not by the l ensqua l i ty  but the TV 

display and TV camera). 

which must be dathered and transmitted t o  the Vidicon camera pick- 

up tube and the  second fac tor  i s  baGed on resolution of the TV 

picture  . 

The f i r s t  f ac to r  is based on the l igh t  

With the e a r t h l i d t  available and assumiw a lens  transmission 

f ac to r  of .8,a Vidicon tube requiring -1 ft-candles, it has been 

determined t h a t  the f number rcquired is  approximately f/.5. 

investigacion must be performed t o  determine p rac t i ca l i t y  of the lens. 

It is known tha t  the lowest f number lenses  in use are f/.7. Whether 

t h i s  is a lower l i m i t  i s  ye t  t o  be determined. 

t h i s  calculat ion is  as followsi 

Further 

The formula used for  

\ 
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amount of li.*t requircd at  photocell 

* surface incident li;$ht x re f lec t ion  f ac to r  x op t i ca l  tranomloeion facto]  
4 f2 

The angle requirements for t h e  l ens  f i e l d  of view is determined 

The followinr5 discussion by the  TV display resolut ion requirements. 

appl ies  t o  a st raiat  v e r t i c a l  descent t ra jec tory .  

tha t  at a 1000 f t .  range from the  landinJ s i t e ,  a 2.5 f t .  object 

It i s  assumed 

should be dis t ineuishable  on the  TV display at the CSM. 

a one foot object should be diotini;uishablc at approximately 400 ft. 

until touchdown. If the  f i e l d  of view is selected at 500 t o  oa t i s fy  

the 2.5 f t .  resolut ion requirement, then 1 foot  resolut ion i s  

achieved a t  360 f t .  Hotrever, as w i l l  be discussed subsequently, a 

700 f i e l d  of vicv  vould be required as the landin;: s i t e  is apprcutched. 

This will provide view t o  enable last minute changes i n  t h e  target land- 

ing point. aspect ra t io  

4/3, rii iber of e f fec t ive  l i n e 8  ~ C Z ,  and c b ~ e r t a  mst b t  displayed en 

I n  addition, 

The f a c t o ~ ~ a s s u m ~ d  f o r  t he  TV dieplay are :  

a minimum of two l inea  to  be dlst inguisable .  

Appendix A ind ica tes  the method of resolut ion calculat ion and 

derivation of formula required for . the simpler case of a v e r t i c a l  

camera an&!. Knowing the size of t h e  object t o  be d i e t i n ~ u i s h e d ,  

and the dis tance of the cmcra from the  t a r c e t  s i t e ,  f i e l d  of view 

may be d i r e c t l y  calculated,  or vice versa. The formula given appl ies  

only t o  the  case of a 500 l i n e  TV display, hut may be e a s i l y  modified 

for any number of l ines .  
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Tv Camera Bandwidth 

The bandwidth required is essent ia l ly  a function of the  number 

of l i n e s  (or  resolution) and the frame rate of the display, since 

these paraketers determine the Information rate transmitted Over 

the  communication l ink.  

is given by the followin$ expression: 

The relationship between these parameters 

where a = aspect r a t i o  = 4/3 f o r  optimum view 

NL = t o t a l  number of horizontal  l i n e s  = 500 

fv a fraine r a t e  = 30 cps (v i th  2 to  1 interlaced scanning) 

K = constant Lypical value = -3  

f = video Laad width In cps 

4 ( 5 0 0 ) 2  (.8) (9) = 4 x 106 cps - 4 mc 

This bandwidth m y  be reduced i f  the frame r a t e  i s  reduced t o  

10 frames/sec. i n  which case the required bandwidth would be 1.33 mc. 

Further study i s  requlred t o  see what the lower l i m i t  on frame 

rate is t o  display an acceptable picture. 

The present comunication l i n k  between the LEM and CSM is not 

usable fo r  the TV trane~uisslon bandwidtho required. 

that e i ther  an additional l i n k  would be requircd f o r  Tv alone or  tha t  

This w u l d  mean 

1 

a link of greater capacity would have t o  replace the or ig ina l  oneo 
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Use of A r t i f i c i d  Lii;ht t o  Supplement Earthshine 

Assumin; a jo0 lens  f ie ld ,  an incandescent laup could te 

focused within the saue 50° cone. 

incandescent bulb gives a t o t a l  of 65,000 lumens. 

v e r t i c a l  a l t i t u d e  the area covered by a 500 cone is 680,000 square 

fee t .  Thus, the l i gh t  illunlnance incident on the ~noon'6 surface 

would be apprOXimatelY 0.1 1 u m e n ~ j f t . ~  or .1 ft.-candles. 

approximately 1/14th of the l i g h t  whlch would be received by the 

A 1000 watt, type ;I ~-116 $744 

At 1000 ft. 

!Chi8 ie 

mnnn f r o m  onythli;ht - T~.:X:SX, t; , . , i i , t , ~ i L  Gar LiAiipiG iC,VVV wat.te 

would be required. 

present time, and i t  apgears that SOW oLher iiiean~ w i l l  have t o  

be found t o  supply artifical l i d h t .  

Tor t he  hi& l l a t i n d  and short period of t i m e  involved. 

s tudy should be made for  determinin; Lkie feasibility of fiare8. 

This amount of p o w e r  is not p rac t i ca l  at the 

F l a ~ w  uey be ulore su i tab le  

Furthzr 

It is a lso  possible that  the Vidicon camera may be improved 

Xn sens i t i v i ty  to  the point where li&t requirements are no longer 

mar$na.l. 

Placement of Tv Camera on the LEM 

There are m a n y  possible terminal descent t r a j ec to r i e s  from the  

1000 f t .  hover a l t i t u d e  which are feasible for the  automatic LEN. A 

stuciy- litis been initiated to propose and determine the optimum one. 

FiLmre I presents one traJectory p ro f i l e  which is under consideration 

and may perhaps be representative. This fibare is a plo t  of LEM 

a l t i t u d e  as a function of downrande location, wi th  vehicle p i tch  
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attitude idcntificd at various points dons the curve. #(Attitude 

an& is measured from the ri$t hand side of the horizontal in a 

counterclockwise direction) . The pitch m;$e early In the descent 

of 68.5O reflccts the necesoary an& cf the thrust vector to 

impart a horizontal motion f r o m  the zero velocity hover condition 

at lo00 ft. This maneuver introduces hi,$ gitch rates and offers 

poor visibility at s?art of descent0 This problem  nay be alleviated 

by allowine a smal l  recidupl horizontal velocity cowponent (100 ft. sec.) 

at hover instead of reducinl: all components to zero. If all velocity 

components must be reduced to zero then a gain chaKe in tho Guidance 

law mechanization may rcducc thc oeverity of the pitch maneuvers. 

problem is to be studied further and this trajectory Is only presented 

This 

liere to wme as a f r m c w m k  to study the cancra plnccment problem. 

It is desireable to place the cmera in a fixed poeition to 

avoid the weight and complexity of otabllizing a glmbaled mount. 

'Therefore, some investigation was made into the mountin:: of a camera 

in a fixed location. 

FiLmre 2 io the visual down rande caverade obtained with a fixed 

camera axis placement at an angle of 45O frorn the thrust axis usin& 

the trajectory in Fig .  1. In order 

to ebtain the visual cwerage down mnde, enter the shaded curve at 

the known LEM altitude and read off the upper and lower point of the 

shaded area. 

field of view is also indicated. 

enter the chrve on the vertical axis Intersecting the dotted line 

The lens field of view is 50'. 

The relative position of the landiw site in the visual 

If down range location Is known, 

~~ 
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(labeled Down Ranje Posit ion of LEM) 

the same infomat ion  as above and, i n  addi t ion a l t i t u d e  of E!. 

Inspection of t h i s  f igure  indicates that the landin,: s i te  is out of 

view f o r  the  last 70 f e e t  of al+,itudc descent. 

by employin,: a wider f i e l d  lene at t h i s  point or sooner as long as 

the  resolut ion requirements are  not exceeded (see  sect ion on Lenoes 

f o r  method of computation). 

TO0 l ens  from the  onset at the 1000 ft . .  hover point. 

the  Itinding B i t e  i s  seen fo r  essent ia l ly  t h e  -whole t r i p .  

vantage of t h i s  i s  t h a t  no area beyond the landing point i s  seen f o r  

t he  last 10 feet .  I n  addition, t h e  resolut ion requirerncnt6 u t i l i z i n g  

Projectin.; v e r t i c a l l y  gives 

This may be r e c t i f i e d  

FiLure 3 showo t h e  a f f ec t  of using a 

I n  t h i s  ctlse, 

A disad- 

a 500 l l n e  Tv displny a r e  not met. A mans t o  increase the area beyond 

the  landing site is t o  s h i f t  t h e  ewer@. l ens  nndle fortrard, a t  the  

appropriate point, and the means t o  s a t i s f y  the lens  retjolution 
. 

requirenient is  t o  switch lensec at the appropriate point. This implies 

u ~ e  of a t u r r e t  l ens  and a movable prism leno system both driven by 

remote command. 

Figure 4 indicate6 the r e su l t s  of employing the  above as a 

typical means of sa t i s fy ing  resolution and v i sua l  requirements. 

I n i t i a l l y ,  a 500 lena is placed at an a w e  of 4 5 O  with respect t o  

the  th rus t  axis .  

A t  approximately a 150 foot a l t i tude ,  switch over is medc t o  

a TO0 l ens  with a t u r r e t  lens  arrangement t o  enlarge the  f i e l d  of 

view. A t  a 50 f t .  a l t i t u d e  the ,mount i s  then switched t o  a second 

prese t  poei t ion (forward 5 O )  making a 50' angle r e l a t ive  ' to  the  

thrue t  axis. 

- -  I -  

G R ~ J M M A N  A I R C R A I T  E N G I N E E R I N G  C O R P - O R A T I O N  



7. STAR SSGHTINO AND IMU ALIClME3T 

The alignments and sighting8 required during the  mission are 

summarized a B  follows: 

1. 

2. 

Finc a l i g n  IMU by trackin2 two stars during pre-eeparation. 

Fine align IMU by trackin,; t w o  star6 durind the deeccnt 

coast phase, i f  an extra  orbit ie incorporated i n  the  mission 

p r o f i l e  

On t h e  lunar  surface, t rack t w o  known stars and a l ign  IMU 

t o  CSM's o r b i t a l  plane and l@ml ver t i ca l .  ?!hen power is 

removed from N B G. Power ia restored i n  preparation for  

ascent 

3. 

1 

In  case 1 above, provision f o r  automatic alignment is not 

required s ince it has,been directed t h a t  t h i s  need not be considered 

p r io r  t o  separation. 

One js based on the assumption t h a t  the LEM vehicle  does not c h m e  

For cases 2 and 3 two procedures are discuseed. 

a t t i t u d e  a f t e r  landinz. 

change i n  a t t i t u d e  a f t e r  landin:: which is not measured by the  I%Iu 

due t o  power shut-off. Both methods require use of an automatic 

etar t r a c k e r ,  computer stored star t a b l e  and additional computer 

The other would be u t i l i z e d  i f  there is a 

programming. 

!he f i r e t  procedure would operate as follows: 

Upon remote command from the  CSM, the  autornatic star tracker 

would be commanded by the d i r i t a l  coinputer t o  sequent ia l ly  point at 

two stars and t rack  them. 

would be avai lable  if  t h e  followin-: contreints  a re  observed: 

The data f o r  poslt ioniny the star t racker  
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Before Touchdown 

a. The IMU l e  l ined  up with the or ig ina l  i n e r t i a l  reference 

(with some smell error due t o  normal equipment drifts, 

sensor accuracies and biases). 

The computer has s t o r e d  the  tab le  f o r  star locat ion with 

respect t o  t h i s  same reference. 

The a t t i t u d e  of LEM vehicle wi th  respect t o  t h e  IMU can 

be derived f r o m  gimbal pick-offs. 

b. 

C. 

After Touchdown 

d. With the M & G system st i l l  operating, t h e  a t t i t ude  of the 

platform continues t o  remain constant with respect t o  

i n e r t i a l  space. " h c  attitude of the  vehicle, however, 

starts t o  chan,ie wi th  respect to the  IMJ due t o  the  Moon's 

ro ta t ion  and the  moon-earth motion. The Instantaneous 

a t t i t u d e  Is read from gimbal pick-off6 r e l a t ive  to )idEM. 

Therefore, t h e  star t racker  may et111 be computer positioned 

basad on star tables, time, LEN locat ion on MOon'e surface, 

and a knowledge of LEN star t racker  unobstructed vlew. 

, 

When power i s  shut down, t h e  followin2 parameters may remain 

stored i n  t h e  computer memory: 

a. Latitude and lon,;itude of LE54 on Moon's surface 

b. Last yaw, roll and pitch a t t i t u d e  v t t h  respect t o  t h e  

o r j  Gina1 i n e r t i a l  reference . 
C. Last CM orbit. 

It I s  assumed tha t  the clock continues t o  rune 

rirriary No. 013 
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Based on the above aesumptions, it is  possible to compute 

the new LEM a t t i t u d e  v i t h  respect t o  the old reference. 

reference may be f i r e t  set up by commanding t o  t h e  IMU the stored 

yaw, r o l l  and pi tch angles relat ive t o  LEN p r i o r  t o  shutoff. 

the  LEM change i n  a t t i t u d e  may be computed based on time and the 

knob motions of the bbqn, t h i s  m y  be added t o  the old attitude 

arg les  t o  re-derive the or iginal  i n e r t i a l  reference. To obtain 

The old 

Since 

the  present orb i t  of the CK re lat ive t o  the LEM f o r  radar or IMU 

positioning, t h e  stored orb i t  must be rfiodified according to  the computed 

chanke due t o  MOon'o motion. 

I f  it could not be assumed t h a t  the LM4 a t t i t u d e  chani;e at 

landin& is insi&ficant,then another procedure must be followed. 

In  t h i s  case, star si&Lingtq must be taken t o  es tab l i sh  the azimuth 

or ientat ion of the 'table ( the  local vertical could be sensed by the 
, 

accelerometers). If the  azimuth reference is l o s t ,  then t h e  automatic 

star tracker would have t o  search the whole 3600 f i e l d  i n  azimuth. 

There are two methods t o  obtain a more d i r e c t  pointing. The first 

method i s  t o  u t i l i z e  a pattern recognition device which crudely 

i d e n t i f i e s  groups of atarn. 

the development of such a device. 

fact that no pair of stored s t a r s  below 8ome magnitude have equal 

an&& separations (miniinurn cilfierence ij20) 

Some preliminary work'has been done i n  

The second method is  based on the 

'file star t racker  

would start marchin;: a t  i t s  random azimuth posi t ion and would lock 

on t o  the firat star of suff ic ient  brightness it encounters. The 

next s tep would be f o r  the computer to  start down the  e t a r  t a b l e  

a t  the various angular separations and posi t ion the star t racker  
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accordingly unt i l  it locks onto the next 6tar. 

the locat ion and ident i ty  of both stars are  known because the angle 

is unique. 

table and the  IhiU uay be a l i a e d .  

a n d e  between two titare f o r  coiupai.isoa with the an&s is as 

follows : 

When t h i 8  happens 

Next, azimuth direct ion wf be obtained from a star  

The equalion t o  calculate  the 

cos 'd - Sin Sin + cos ~ 8 ,  cos i$) cos (\c/ a -va)  

= a c l e  between two st;are s i&d  

E = decl inat ion of stars i n  c e l e s t i a l  coordinates 

= azimuth of stme i n  c e l e s t i a l  coordinates 

a, b t. subscripts for two stars a and b 

Further study would be  required t o  determine the search t i m e  

and progrzun changes required based on derived equations siiuulatiw 

the l i v e  s i tuat ion.  
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8. S M W Y  AM) RECOMMZNDATZONS 

In the yrcceeding discussion, it has been seen that the 

following r"unctions uust be automatized or performed remotely to 

satisfy the requirements of a conpletely automatic mission: 

Star ai&tin~ and IPRI aliflient. 

Survey of landing site f r o m  CS!. 

Descent trajectory and attitude control from hover point t o  

Initiation of ullage thrusi;. 

Radar acquisition of CSM. 

Switching, progrmmi~, system activstion and shutdown. 

Docking and separation. 

The most critical problem areas are the autoaatic UiU alignment 

and the requirement for remote survt;llance of the landing site. 

Automatic alignment requires adcled wei&t and complexity since 

automatic star truckers must Le e q l o y d .  The remote survey of 

landing site is critical because, in addition. to added equipment, It  

imposeo budwidth requiremenLs which exceed that available in the 

pretxnt LBi-CSbldata link desip. 

The following discueslon wili suunmarizk the conc1usions mci 

recommendations of the autoillation study1 

Star siatiar; for I h U  ali;nr;lent require the addition of 

automatic 

device . 
&tar tracker and pocsi'oly of a star pattern 
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Remote survey of the landing site from the CSM utilizing IN 

is practical wlth the addition of TV camera on the LEM, display on 

CSM and replacement of the data communications link between LEM and 

CSM with one of much wider bandwidth. 

required for determination of minimum bandwidth requirements. 

Provlsion of artifical Illumination for the recommended Vidicon 

Further investization is 

CAP’ 

camera by means of flares rather than incandescent light should also 

be studied. 

very favorable light par unit weight ratio and sufficient peak light 

outputs for short time durations). 

a turret lens and a two position lens arrandement will provide 

satisfactory capability for remote landin,: site surveillance, as 

indicated by a visibility study of a typical descent trajectory. 

(Cursory investigations indicate that flares have a 

A fixed TV camera mounting with 

Y A  1C-d CA Automatic radar acquisition of the  CSM appears to be a 

capability already essentially designed into the system. 

It is recommended that docking and separation maneuvers be 

performed manually be the CSM crew members rather than automatically 

6 x l ~ ;  I 

by the LEM. 

Switching, activation, pro,rramming and monitoring functions,may 

be performed either remotely by installation of thcpecessary controls 

and displays in the CSM or by LEX programmed operation. 

and equipment study is required to determine the optimum implementation 

of each function. 

Further mission 
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Study has begun to  investigate various guidance laws and 

t r a j ec to r i e s  which could be  su i tab le  for an automatic descent to  

A n  estimate of additional w e i @ t  and power required t o  perform 

the  LEM mission automatically has not been derived since the  ' 

redirect ion of the  study has eliminated the need for remote IMU 

alignment and landing s i t e  survei l lmce,  which would create  the  

greatest hardware w e i g h t  penulty. 

results of studies  performed under t h e  new ground rules, w i l l  indicate  

The next report presenting the 

t h e  detailed hardware implications. 



APPEMDM A 

ION 

Definition of Symbols: 

9 = 2G = lens f i e l d  or l ens  an& 
.-- 

d = distance from TV canera on LEM to landin_: s i t e  ( f t )  

2y = s h o e  side of viewed rectan;lc (ft) 

q = f t / l ine of TV required 

8 - m i n i m  size in  ft. of object to be distin,uished 

Derivation of Fornula Relatin, Lens AnJe to Object Rcsolution 

Since ABC is a 3:4:5 ri$t criande, the followin; relations hold: 

.since R = 2 
3 

2y P 500 lines x q f t l i ine  

y = 250 q ft;. 
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ten 8 0 417 A 
d 

If 2 lines 8re required t o  resolve an object - and S I s  the size 

of the object t o  be resolved, specification of size of object t o  

be resolved 3 is related to q a6 follows: 

r 
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